Background: Pneumonia is a leading cause of hospitalization and death among children in Africa. We describe the clinical presentation of severe pneumonia among hospitalized children in a malaria endemic area with a high prevalence of HIV infection. Methods: As part of a 2-year prospective study of radiologically confirmed pneumonia, chest radiographs, malaria parasite counts and bacterial blood cultures were systematically performed for children 0-23 months admitted with severe pneumonia. Radiographs were interpreted according to WHO guidelines. HIV tests were performed during a 12-month period. Results: Severe pneumonia accounted for 16% of 4838 hospital admissions among children 0-23 months; 43% of episodes had endpoint consolidation, 15% were associated with bacteremia and 11% were fatal. Fever, cough >3 days, crepitations, hypoxemia and absence of malaria parasitemia were associated with radiologically confirmed pneumonia. Nineteen per cent of children with severe pneumonia and 27% with radiologically confirmed pneumonia had clinical malaria. HIVprevalence was 26% among children hospitalized with severe pneumonia and HIV-testing results. HIV infection, anaemia, malnutrition, hypoxemia and bacteremia were associated with fatal episodes of severe pneumonia. Conclusion: Treatment of admitted children with severe pneumonia is complicated in settings with prevalent HIV and malaria. Children with severe pneumonia and clinical malaria require antibiotic and antimalarial treatment. In addition to vertical programs, integrated approaches may greatly contribute to reduction of pneumonia-related mortality.
Introduction
Pneumonia is one of the most important causes of morbidity and mortality worldwide, especially in African children [1] [2] [3] [4] . Each year, pneumonia accounts for approximately 1.9 million deaths in children under 5 years of age [5] . The highest risk of pneumonia and pneumonia-related mortality occurs among children under 2 years of age [6] , with many cases attributable to bacteria, mainly Streptococcus pneumoniae and Haemophilus influenzae [7] . In recent years, the HIV pandemic has further increased both the burden [8] and the bacteriological spectrum of microorganisms [9] causing pneumonia, particularly throughout sub-Saharan Africa.
The diagnosis of pneumonia in resource-poor settings is challenging. The specificity of clinical presentation is poor with substantial overlap between pneumonia and malaria. In rural Africa, most hospital visits and admissions are attended by nurses or paramedics who use only signs and symptoms to guide diagnoses and management decisions. The aim of the widely used Integrated Management of Childhood Illness (IMCI) strategy, developed by the World Health Organization and UNICEF in the 1990s, was to create an algorithm that was sensitive, though not specific, to guide management and referral for life-threatening illnesses [10] . IMCI guidelines recommend prompt treatment and referral to hospital for children with clinical signs of severe pneumonia. IMCI guidelines may require revision for areas with high HIV prevalence [11] .
Findings on chest radiograph, including consolidation and pleural effusion, improve the specificity of the diagnosis of bacterial pneumonia in children [12] [13] [14] . However, in resource-limited settings, availability of radiology is scarce, and chest radiographs are infrequently used to guide clinical management of severe pneumonia [15] . Therefore, better clinical markers of bacterial pneumonia are needed. During a 2-year prospective study of severe pneumonia among young children admitted to a rural district hospital in Mozambique, we assessed factors associated with radiologically confirmed and fatal episodes of pneumonia, including HIV and malaria infection.
Materials and Methods

Study setting and population
This prospective study was conducted from 18 March 2004 to 17 March 2006 by the Centro de Investigac¸a˜o em Sau´de da Manhic¸a (CISM) at the Manhic¸a District Hospital (MDH), the referral health facility (with 36 paediatric beds out of a total of 110) for Manhic¸a District, a rural area of Maputo Province in Southern Mozambique. Manhic¸a District has an estimated population of 143 000 inhabitants. Details of the study site have been described elsewhere [16] .
There is perennial malaria transmission, mostly due to Plasmodium falciparum [17] . HIV prevalence was 24% among pregnant women attending the antenatal clinic of the MDH between August 2003 to April 2005 [18] . Antiretroviral therapy (single-dose nevirapine) has been available in the setting since 2003, and the mother-to-child vertical transmission rate of HIV was estimated as 15% during the study period [19] .
During the study period, infant mortality was 90 per 1000 live births and under-5 mortality was 172 per 1000 [16, 20] . Hib and pneumococcal conjugate vaccines were not available through the Mozambican Expanded Programme on Immunization (EPI) [21] .
The study was approved by the Mozambican National Bioethics Committee, the Institutional Review Board of the Clinic Hospital of Barcelona, the Human Subjects Protection Committee, U.S. Centres for Disease Control and Prevention, and the Human Subjects Board of the Program for Appropriate Technology in Health (PATH).
Hospital surveillance, clinical management and definitions Since 1997, MDH and CISM have jointly operated round-the-clock surveillance of all paediatric outpatient visits and all ward admissions [22] . Clinical data are routinely assessed by a trained medical officer or physician using standard forms for all children under 15 years of age. Respiratory rates are counted for 60 s in awake, non-crying children using UNICEF chronometers.
The WHO/IMCI definition of clinical pneumonia includes history of cough or difficulty in breathing in the presence of increased respiratory rate according to age [23] . Severe pneumonia was defined by the presence of chest wall indrawing in a child with clinical pneumonia [24, 25] . Children with severe pneumonia were re-examined by a physician or a trained medical officer to confirm the initial diagnosis before hospitalization. A single blood culture (using 1-3 ml by venipuncture) was performed prior to hospital admission for all children <2 years of age.
For case ascertainment of bacterial pneumonia, an anterior-posterior chest X-ray was performed on admission for children <2 years of age with severe pneumonia. Children with evidence of asthma, congenital heart disease, neonatal asphyxia and chronic respiratory disorders were excluded. Children who were unconscious, presented convulsions or were critically ill were referred to radiology after their condition stabilized.
Blood glucose was measured on admission by finger prick using Accu-CheckÕ Glucometer (Roche). Digital pulse oximetry (NellcorÕ) was used to evaluate and monitor oxyhaemolobin saturation at admission. Nutritional status was defined using weight-for-height z-score, (threshold for severe malnutrition less than -3 SD from U.S. reference population) [26] . Clinical malaria was diagnosed in children who presented a history of fever or an axillary temperature 37.5
C and presence of any P. falciparum asexual parasitemia in infants or greater than 2500 parasites per ml in children 1 year of age [27, 28] . The WHO definition of anaemia in children >2 months of age is a haemoglobin (Hgb) level lower than 11 g/dl [29, 30] , which is equivalent to a haematocrit lower than 33% [31] . Anaemia definitions and classification were based on WHOproposed [29, 30] definitions and adapted to include newborns. Severe anaemia was defined as haematocrit <25% in neonates 28 days of age or <15% in infants older than 28 days; non-severe anaemia as haematocrit of 25-42% in neonates or 15-32% in children >28 days of age. Bacteremia was defined as isolation of pathogenic bacteria in blood [32] .
Treatment
Following national and IMCI guidelines [10] , nonsevere pneumonia cases were treated as outpatients with oral amoxicillin or chloramphenicol or fenoximetil-penicilin when amoxicillin was not available. For children with severe pneumonia or suspected bacteremia/sepsis, empirical antimicrobial therapy with parenteral chloramphenicol or a combination of penicillin plus gentamicin was given. Infants <2 months of age and severely malnourished children were treated with ampicillin and gentamicin. Antibiotic therapy was re-assessed based on results of blood cultures. Ceftriaxone was used in cases of multi-resistant bacteria (defined as resistance to two or more antibiotic classes). Malaria infection was treated according to national guidelines. Blood transfusion was indicated when severe anaemia was detected. Patients requiring blood transfusion were transferred to Maputo Central Hospital when blood products were in short supply at MDH. Hypoxaemia was defined for study purposes as peripheral oxygen saturation (SPO 2 ) <90%, but oxygen was administered with an oxygen concentrator (DeVibiss -515 ADS) to children with SPO 2 lower than 94%.
Laboratory methods
Bacterial blood cultures were performed using an automated blood culture system (Bactec 9050, Becton Dickinson, Temse, Belgium). Bacterial isolates were identified by colony morphology and growth requirements [33] . Malaria parasitemia was determined in thick blood smears [34] .
HIV testing was performed from March 2005 through March 2006 using a sequential testing algorithm with two rapid HIV-1 antibody tests (DetermineÕ and UnigoldÕ). Filter paper blood samples were collected for subsequent confirmatory testing performed monthly using Amplicor HIV-1 DNA assay (version 1.5, Roche Molecular Systems, Inc., Branchburg, NJ) with dried blood spots. Children 18-23 months old were assumed to be infected with HIV if both rapid tests were positive. For seropositive children <18 months old and between 18-23 months old with discordant serologic tests, HIV infection was confirmed by a positive Amplicor test. Highly Active Antiretroviral Therapy (HAART), was available from the second year of study.
X-ray interpretation
Chest radiographs were interpreted by two primary readers and one external WHO radiologist following a WHO protocol for interpreting chest radiographs, developed by a group of clinical trialists to compare studies of bacterial pneumonia among children in different settings [14] . Episodes with evidence of consolidation or pleural effusion were defined as radiologically confirmed pneumonia (or endpoint pneumonia). Non-endpoint pneumonia was defined as interstitial infiltrates or normal radiographs.
Data management and statistical analysis
Data were double entered using Fox Pro software (version 2.6, Microsoft Corporation, Redmond, WA), and discrepancies were resolved by referring to original questionnaires. Analyses were performed in STATA (version 9.0, STATA Corporation, College Station, TX). Chi-squared tests or Fishers exact test were used to compare proportions. The non-parametric Wilcoxon Rank Sum test was used to compare continuous variables. P-value <0.05 was considered significant. Odds Ratios (OR) and 95% confidence intervals (CI) were estimated using logistic regression. Case-fatality proportions (CFR) were calculated among children with known hospital outcome, excluding children transferred during admission or absconding from the hospital. Factors associated with radiologically confirmed episodes of pneumonia were analysed separately including all children, or restricted to children with known HIV status. Multivariate models included episodes with complete clinical data.
Results
During the 24-month study period, 4838 children, 0-23 months of age, were admitted to MDH; 757 (16%) met criteria for severe pneumonia diagnosis. Children admitted with severe pneumonia were younger, more likely to be male and admitted during the rainy season than admitted children without severe pneumonia (Table 1) . Among children with blood culture results, bacteremia was present in 15% (90/613) of severe pneumonia episodes compared with 9% (290/3194) of other clinical syndromes (P < 0.001). The most frequently isolated bacteria from children with severe pneumonia were
and Staphylococcus aureus 10% (n ¼ 9), while S. aureus 18% (n ¼ 56) was most prevalent among children without severe pneumonia, followed by NTS 17% (n ¼ 51), E. coli 15% (n ¼ 43) and S. pneumoniae 12% (n ¼ 36). In-hospital mortality was higher (11%) among children admitted with severe pneumonia than other diagnoses (4%; Table 1 ).
Among children admitted with severe pneumonia, median oxygen saturation was 93% (IQR, 88-96%) and median temperature was 37.8 C (IQR, 37.0-38.8); 18% (132/715) were severely malnourished.
Severe pneumonia, clinical malaria and HIV Among children hospitalized with severe pneumonia, 19% had clinical malaria (Table 2 ). Fever and severe anaemia were more often present in severe pneumonia episodes when clinical malaria was also present (P < 0.001). The prevalence of bacteremia and endpoint consolidation were higher when clinical malaria was absent. CFR was 14% among 112 episodes meeting criteria for both severe pneumonia and clinical malaria versus episodes meeting clinical malaria criteria alone (9%; P ¼ 0.076).
For 202 episodes with HIV-testing results, prevalence of HIV infection among children with severe pneumonia was 26%. HIV-infected children were younger (median, 7 months vs. 10 months), more frequently hypoxemic (P ¼ 0.027), anaemic (P ¼ 0.017) and severely malnourished (P ¼ 0.017) than HIV-uninfected children admitted with severe pneumonia. Bacteremia tended to be more prevalent in HIV-infected children (P ¼ 0.056) while malaria parasitemia was slightly lower (P ¼ 0.074). There were four pneumococcal and one H. influenzae isolate from HIV-infected children; four H. influenzae and one pneumococcus were isolated from HIVuninfected children. Oral candidiasis was present in 21% of 52 severe pneumonia episodes among HIVinfected children versus none among uninfected children (P < 0.001). Severe pneumonia episodes among HIV-infected children resulted in longer hospitalization (6 days vs. 4 days; P ¼ 0.002) and higher case-fatality (27% vs. 2%; P < 0.001).
Radiologically confirmed pneumonia episodes Among 634 (88% of 757) severe pneumonia episodes for which chest radiographs were interpreted, 43% were radiologically confirmed endpoint pneumonia. In the univariate analysis contrasting radiologically confirmed episodes with other infiltrates (17% of 634) or normal radiographs (40%), fever (P ¼ 0.017), crepitations (P ¼ 0.001), hypoxemia (P ¼ 0.002), absence of malaria parasitemia (P ¼ 0.001) and Mortality in children with severe pneumonia Table 4 shows factors associated with death among children admitted with severe pneumonia and known hospital outcome. In the univariate analysis, severe anaemia, prostration, severe malnutrition, bacteremia, hypoxemia and HIV infection were associated with higher case-fatality. Among 16 fatal pneumonia episodes with HIV test results, 81% occurred in HIVinfected children.
Discussion
We describe clinical and radiological findings for a large number of severe pneumonia episodes among young children in a malaria endemic region of Mozambique with high HIV prevalence. The study used the WHO guidelines for chest radiography endpoints, designed to measure efficacy against pneumonia for Hib and pneumococcal conjugate vaccines [14] . Severe pneumonia was a major cause of hospital admission and in-hospital mortality among young children. The high prevalence of malaria and HIV infection among children with signs and symptoms of severe pneumonia complicates case management and treatment.
Children with immunosuppression caused by HIV infection, cancer or sickle cell disease are extremely susceptible to develop concomitant bacterial infections such as bacterial pneumonia [35] . Infections such as malaria may predispose to acquire bacterial infection [36] , but may also clinically mimic severe pneumonia, being often indistinguishable from it despite very different pathophysiological pathways. For this reason, understanding the relevance of interaction between pneumonia and other infections such as HIV or malaria seems crucial to understand the real burden of pneumonia where these infections are highly prevalent. Interestingly, in this study, as many as one in four children admitted with clinical criteria for severe pneumonia met the definition of clinical malaria. Among this group, prevalence of consolidation was lower than for other children. These results appear to support previous findings that suggest that, in malaria-endemic areas, the burden of severe pneumonia might be overestimated if only clinical findings are considered due to the clinical overlap between severe pneumonia and malaria [37, 38] . Almost half (44%) of children with clinical malaria and severe pneumonia also had abnormal chest X-rays (although lower than the 66% for other children). Therefore, pneumonia co-morbidity among children with clinical malaria was probably highly prevalent. Clinical differences between these two groups (i.e. children with severe pneumonia with and without clinical malaria) were mainly related to their chest findings, or the presence of concomitant anaemia or hypoxemia, despite those signs/symptoms being also highly prevalent among patients with severe pneumonia and malaria. Indeed, crepitations and wheezing/ronchi, were found in up to 27% of the patients with malaria and severe pneumonia, compared to 55% of the patients without parasites, and as many as one in four children were also hypoxemic. Given the clinical overlap between malaria and pneumonia, a significant proportion of children, meeting clinical criteria for severe pneumonia, need to be treated with both antibiotics and antimalarial in malaria-endemic regions. Clinical studies designed to improve the specificity of definition of these two infections and the relevance of their interaction are needed to improve treatment, and are currently underway in this setting.
In a setting with high HIV prevalence, HIV infection contributes disproportionately to severe pneumonia morbidity and mortality in young children. HIV-infected children tended to be younger than uninfected children with severe pneumonia, possibly in relation to an early predisposition to develop bacterial infections and a much higher CFR associated with the episodes (27% vs. 2%, P < 0.001). Factors associated with fatal pneumonia, including severe anaemia and severe malnutrition, were also associated with HIV infection. The higher proportion of hypoxemic cases among HIV-infected patients may be indirect indication of the prevalence of other comorbidities (pneumocystis jirovecii pneumonia or tuberculosis) among HIV infected children. Clinical malaria was not associated with severe pneumonia among HIV-infected children.
Hypoxemia was a predictor of poor outcome, as reported from other settings [39] . In many rural African hospitals, oxygen saturation is rarely measured, and supplemental oxygen is often not available. Young children may die prior to referral to hospitals where oxygen therapy is available. Use of oxygen concentrators in rural hospitals could reduce pneumonia mortality in young children [40] .
Performing good quality radiographs in rural hospitals is difficult [15] , particularly in severely ill children when portable X-ray machines are not available. More sensitive and specific clinical signs and laboratory tests for bacterial pneumonia are needed to improve treatment and measure the impact of interventions, such as introduction of bacterial conjugate vaccines. In this study, 43% of severe pneumonia episodes had endpoint consolidation on chest radiograph, and not all bacteremic episodes were associated with radiologically confirmed pneumonia. Clinical signs and symptoms were not good predictors of radiologically confirmed pneumonia. Unless chest radiographs can be shown to improve diagnosis and treatment of pneumonia episodes in hospitals throughout the developing world, their use will continue to be limited. This study was limited by incomplete HIV information for children with severe pneumonia. Risk factors for fatal pneumonia could not be properly assessed because of the small proportion of fatal episodes with HIV-testing performed. In addition, multivariate analyses did not include all episodes due to missing clinical data. The sensitivity of blood cultures for invasive bacterial infection is low, resulting in a small percentage of episodes with proven aetiology [41, 42] . Laboratory testing for viral and fungal causes of pneumonia was not available.
Nonetheless, the results of this study give some insight into the IMCI strategy, designed as a nonspecific but highly sensitive tool to avoid missing potentially life-threatening conditions in resourcelimited settings. Additionally, our findings show the importance of malaria, HIV and bacteremia among children admitted to hospital with clinical criteria for severe pneumonia. These data suggest the value of prevention strategies including antiretroviral therapies for prevention of mother-to-child HIV transmission, promotion of insecticide-treated bed nets, and accelerated introduction of life-saving bacterial conjugate vaccines. While vertical programs for individual interventions can be effective, children in rural Mozambique will benefit greatly from integrated prevention programs.
